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DETAILED ACTION 

This Office Action is in response to the amendment and request for continued 
examination filed December 30, 2002. 



Response to Amendment 

The amendment to the claims is sufficient to overcome the objections to the specification 
as stated in the previous Office Action. Therefore, these objections are withdrawn. 

The amendment of claims 12, 16 and 33 are sufficient to overcome the rejection of claims 
12, 16 and 33 under 35 U.S.C. 1 12, first paragraph as stated in the previous Office Action. 
Therefore, this rejection is withdrawn. 

The amendment of claims 2, 15 and 23 are sufficient to overcome the rejection of claims 
2, 15 and 23 under 35 U.S.C. 112, second paragraph as stated in the previous Office Action. 
Therefore, this rejection is withdrawn. 



Claim Objections 

Claims 5, 8, 12, 13, 16, 26, 29 and 33 are objected to because of the following 
informalities: 

Independent claims 1 and 22 recite the limitation of "wherein the stack comprises a first 
organic intermetal dielectric layer and a hardmask layer, wherein the hardmask layer comprises a 
material comprising silicon oxynitride or silicon oxide". Claims 5, 8, 13 (dependent upon claim 
1), 26, and 29 (dependent upon claim 22) recite the limitation of forming "a hardmask layer" on 
a dielectric layer. Because claims 5, 8, 13, 26 and 29 recite "a hardmask layer" instead of "the 
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hardmask layer" or "said hardmask layer", it is not understood if the "hardmask layer" recited in 
claims 5, 8, 13, 26 and 29 is the same hardmask layer recited in claims 1 and 22, or a separate 
and different hardmask layer. Similarly, claims 12, 16 (dependent upon claim 1) and 33 
(dependent upon claim 22) recite the limitation of "wherein the hardmask layer comprises a 
material comprising silicon oxynitride or silicon oxide" despite the fact that claims 1 and 22 
already recite the limitation of forming the hardmask layer of silicon oxynitride or silicon oxide. 
Therefore, it is unclear as to whether the "hardmask layer" recited in claims 12, 16 and 33 is the 
same hardmask layer being referred to claims 1 and 22, or if it is a separate and distinct 
hardmask layer. 

Appropriate correction is required. 

Claim Rejections - 35 USC § 103 

The text of those sections of Title 35, U.S. Code not included in this action can be found 
in a prior Office action. 

Claims 1-6, 8-16 and 17-27 and 29-38 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over the admitted prior art in view of Hussein et al. (US 6,037,255), Avanzino et al. 
(US 5,795,823, previously cited) and Pellerin et al. (US 6,228,758, previously cited). 

In reference to claims 1, 12, 16 and 33, the admitted prior art discloses depositing a stack 
comprising a first organic intermetal dielectric layer (102) and a hardmask layer (103) onto a 
substrate (100). A via opening (104) is formed in the stack and a sacrificial dielectric (105) is 
deposited into the opening, such that the opening is substantially filled and the top surface of the 
stack is substantially covered. A photoresist material (106) is deposited on the sacrificial 
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dielectric. The photoresist is developed and a line opening (107) aligned with the via opening is 
formed in the stack and inorganic dielectric and the line and via openings are filled with 
conducting material (Fig. la-Id; pg. 3, In. 7-pg. 4, In. 12). The admitted prior art discloses using 
an organic material to comprise the sacrificial layer but also discloses that by using organic 
material to comprise sacrificial layer, this process typically results in degradation of the critical 
dimensions of the interconnect pattern (pg. 3, In. 25-29). Like the admitted prior art, Avanzino 
('823) also discloses a process of using a sacrificial layer to etch a line/via interconnect pattern. 
However, Avanzino teaches that it is advantageous to use a sacrificial layer which can be etched 
selectively to the intermetal dielectric in order to improve the accuracy of the etch, and thus 
improve the definition of the interconnect structure (col. 2, In. 2-5; col. 5, In. 4-16). Avanzino 
discloses that the intermetal dielectric (52) may be organic and also discloses that the sacrificial 
dielectric (70) may be inorganic. Like the admitted prior art and Avanzino, Pellerin also 
discloses a process of using a sacrificial layer (24) to etch a line/via interconnect pattern. And 
like Avanzino, Pellerin also discloses that it is advantageous to use a sacrificial layer which can 
be etched selectively to the intermetal dielectric (16) (Fig. 1-5; Abstract; col. 4, In. 65-col. 5, In. 
1). Specifically, Pellerin recommends that when using an organic intermetal dielectric layer, the 
sacrificial dielectric should comprise an inorganic, silicon based material (col. 4, In. 65-col. 5, In. 
1). At the time of the invention, it would have been obvious to one of ordinary skill in the art to 
replace the sacrificial layer of the admitted prior art with a material that has a high etching 
selectively with respect to the intermetal organic dielectric layer as is taught by Avanzino. 
Furthermore, in light of the teachings of Pellerin, it would have been obvious to one of ordinary 
skill in the art to form the sacrificial dielectric layer from an inorganic material in order to 
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provide the high degree of etching selectivity required for precise definition of the interconnect 
structure. 

Regarding the hardmask layer, the admitted prior art discloses it to be "inorganic" but 
does not specifically state from what material it is made (pg. 3, In. 9). Like the admitted prior 
art, Hussein discloses a method of forming conductive interconnections in an organic dielectric 
layer, wherein a hardmask layer is deposited on the surface of the organic dielectric layer to 
enhance etching the interconnection opening into the dielectric layer (col. 3, In. 18-47). Hussein 
discloses that the hardmask layer preferably comprises silicon oxide (col 3, In. 39-41; col. 4, In. 
66-col. 5, In. 2). At the time of the invention, it would have been obvious to one of ordinary skill 
in the art to compose the "inorganic" hardmask layer of the admitted prior art of silicon oxide 
because Hussein teaches that silicon oxide can be used successfully with organic dielectric layers 
such as that of the admitted prior art. 

In reference to claims 2, 3, 23 and 24, Avanzino discloses that a number of insulating 
materials may be used in accordance with his invention (col. 8, In. 39-45). Pellerin specifically 
discloses that the sacrificial inorganic dielectric layer may be made of a silicate, a silsesquioxane, 
a silica gel, or methyl silsesquioxane (col. 4, In. 10-15; col. 4, In. 61-coL 5, In. 1). These 
compounds would inherently have the ratio of H, Si, O and R that are stated in claim 2 of the 
present application. At the time of the invention, it would have been obvious to one of ordinary 
skill in the art to use one of the inorganic materials such as the methyl siloxane disclosed by 
Pellerin to comprise the sacrificial dielectric because Avanzino discloses that any number of 
insulating materials that are known in the art may be used to comprise the sacrificial layer. 
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In reference to claims 4 and 25, the admitted prior art does not disclose what material the 
organic intermetal dielectric is made from. Avanzino discloses that organic intermetal dielectrics 
comprising polyimides are known in the art (col. 8, In. 51-53). Pellerin discloses comprising the 
organic intermetal dielectric layer of a material such as a poly arylene ether, an oligomeric 
hydrocarbon, a poly(paraxylylene), a poly(tetrafluoroethylene), a polyimide, or a divinyl 
siloxane (col. 4, In. 2-1 1). 

In reference to claims 5 and 26, the admitted prior art discloses forming a diffusion 
barrier layer (101) between the substrate (100) and the organic intermetal dielectric layer (102) 
and also forming a hardmask layer (103) on the organic intermetal layer (pg. 3, In. 7-9). 

In reference to claims 6, 9, 14, 27, and 30, the admitted prior art discloses that a diffusion 
barrier layer typically comprises silicon nitride (pg. 6, In. 26-27). 

In reference to claims 8 and 29, the admitted prior art discloses forming a diffusion 
barrier layer (101) between the substrate (100) and the organic intermetal dielectric layer (102) 
and also forming a hardmask layer (103) on the organic intermetal layer (pg. 3, In. 7-9). 
Avanzino discloses that, as an alternative to forming one organic intermetal dielectric layer, two 
organic intermetal dielectric layers may be used with the two layers being separated by an etch 
stop layer in order to more precisely etch separate line and via portions (col. 6, In. 12-20). At the 
time of the invention, it would have been obvious to one of ordinary skill in the art to substitute 
two organic layers with an etch stop layer in between as taught by Avanzino for the single 
organic layer disclosed by the admitted prior art, in order to obtain more precise etching of the 
separate line and via portions. 
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In reference to claims 10 and 31, the admitted prior art discloses that etch stop layers 
typically comprise silicon oxide (pg. 7, In. 13-14). 

In reference to claims 1 1 and 32, Avanzino discloses using organic intermetal dielectric 
layers such as polyimide and also discloses that both the first and second intermetal dielectric 
layers may be made of the same material (col. 8, In. 51-52; col. 6, In. 1-28). PTFE, parylenes, 
fluorinated and non fluorinated poly(arylene ethers), polymeric material obtained from phenyl- 
ethynylated aromatic monomers, and fluorinated amorphous carbon are all well-known in the art 
for the purpose of forming interlevel dielectric layers. At the time of the invention, it would 
have been obvious to one of ordinary skill in the art to form the organic dielectric layer of 
Avanzino using any art-recognized equivalent organic dielectric layer. 

In reference to claim 13, the admitted prior art discloses using only one organic 
intermetal dielectric layer. Avanzino discloses that, as an alternative to using only one intermetal 
dielectric layer, two intermetal layers may be used. The bottom intermetal layer (52a M ) is made 
of a material that is different than the second intermetal layer (52b M ) so that the etching 
selectivity of the two layers with respect to each other can be used to precisely etch separate line 
and via portions (Fig. 4a"; col. 6, In. 20-28). Avanzino discloses that intermetal dielectric layers 
may be made of either organic or inorganic materials, but does not specifically disclose using a 
bottom inorganic layer with an overlying organic layer. Avanzino discloses that any number of 
insulating materials that are known in the art may be substituted for the materials specifically 
disclosed in their patent (col. 8, In. 39-45). Pellerin discloses that when forming a line/via 
interconnect structure, it is advantageous to use two different intermetal layers. The bottom 
intermetal layer (16) is used to form the via portion of the interconnect and may be made of an 
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inorganic material The top intermetal layer (24) is used to form the line portion of the 
interconnect and may be made of an organic material (col. 4, In. 61-coL 5, In. 1). The two 
intermetal layers of different etching selectivities provide precise etching of the separate line and 
via portions. At the time of the invention, it would have been obvious to one of ordinary skill in 
the art to replace the single intermetal layer of the admitted prior art with two intermetal layers 
that have a high etching selectively with respect to each other (such that the bottom layer may 
comprise an inorganic material while the top layer comprises an organic layer) in order to 
provide the high degree of etching selectivity required for precise definition of the separate line 
and via portions of each interconnect structure. 

In reference to claim 15, Avanzino discloses that a number of insulating materials may be 
used in accordance with his invention (col. 8, In. 39-45). Pellerin specifically discloses that the 
inorganic intermetal dielectric layer may be made of a silicate, a silsesquioxane, a silica gel, or 
methyl silsesquioxane (col. 4, In. 10-15; col. 4, In. 61-col. 5, In. 1). These compounds would 
inherently have the ratio of H, Si, 0 and R that are stated in claim 2 of the present application. 
At the time of the invention, it would have been obvious to one of ordinary skill in the art to use 
one of the inorganic materials disclosed by Pellerin to comprise the bottom layer of the 
intermetal dielectric because Avanzino discloses that any number of insulating materials that are 
known in the art may be used to comprise the insulating layers. 

In reference to claims 17 and 34, the Pellerin discloses that the type etchant used to etch 
the sacrificial inorganic layer is a matter of design choice that will depend upon the materials 
selected for the both the first intermetal layer and the sacrificial (col. 5, In. 21-32). The admitted 
prior art discloses that a buffered oxide etch can be conducted using standard mixture of HF and 
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H 2 0. At the time of the invention, it would have been obvious to one of ordinary skill in the art 
to choose an appropriate etchant such as a buffered oxide etch, as a matter of design choice, 
based upon the specific type of dielectric layers being utilized. 

In reference to claims 18 and 35, the admitted prior art does not disclose what the 
conducting material is comprised of Avanzino and Pellerin discloses that the conductive 
interconnect material may be made of a copper or aluminum alloy or tungsten (col. 1, In. 30-34 
and col. 4, In. 59-60 of Pellerin; col. 7, In. 23-40 of Avanzino). At the time of the invention, it 
would have been obvious to one of ordinary skill in the art to form the conducting layer of the 
admitted prior art from an aluminum, copper, or tungsten-containing material because, in the 
absence of the disclosure of any particular conducting material, one of ordinary skill in the art 
would look to a conventional material with which to form the interconnect metallization. 

In reference to claims 19 and 36, the admitted prior art does not disclose forming a 
conducting diffusion barrier material in conjunction with the conductive material. Pellerin 
discloses that a conductive liner comprising tantalum or titanium may be used in conjunction 
with the conductive material to fill in the via/line metallization portions (col. 5, In. 56-60). 
Liners of this type are well known in the art to provide a barrier to diffusion of the bulk 
conducting interconnect material. At the time of the invention, it would have been obvious to 
one of ordinary skill in the art to provide a liner to the via/line of the admitted prior art because it 
is conventional in the art to do so in order to prevent diffusion of the bulk conducting 
interconnect material into the surrounding insulative layers. 

In reference to claims 20 and 37, the admitted prior art does not disclose what the 
substrate (100) is comprised of However, Avanzino and Pellerin disclose that typical substrates 
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upon which interconnect metallization layers are built upon include semiconductor wafers, 
dielectric layers and metal interconnect layers in integrated circuits (col. 8, In. 45-51 of 
Avanzino; col. 3, In, 34-46 of Pellerin). At the time of the invention, it would have been obvious 
to one of ordinary skill in the art to form the interconnect metallization of the admitted prior art 
upon a substrate of semiconductor wafers, dielectric layers or metal interconnect layers in 
integrated circuits because these are all conventional substrates upon which interconnect 
metallization is formed. 

In reference to claims 21 and 38, the admitted prior art discloses forming the via and line 
openings by etching the hardmask layer with a fluorocarbon based plasma and the organic 
intermetal dielectric layer is etched with an oxygen based plasma (pg. 3, In. 30-pg. 4, In. 4). 

In reference to claim 22, the admitted prior art discloses that dual damascene methods 
may comprise either "via first" methods in which the via openings are etched in a stack of 
dielectric layers before conducting line openings are etched or "line first" methods in which line 
openings are etched before via openings are etched. Although the only embodiment described in 
detail by the admitted prior art is a "via first" dual damascene method, at the time of the 
invention, it would have been obvious to one of ordinary skill to form the same interconnect 
structure using an equivalent "line first" dual damascene process as an alternative to the "via 
first" process because, as discussed by Applicants' admitted prior art, both damascene processes 
are well-known equivalent processes. 
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Applicant's arguments regarding the rejection of claims 1-6, 8-27 and 29-38 state that 
the references of the admitted prior art, Avanzino et al. and Pellerin et al. do not disclose forming 
a hardmask layer of silicon oxide or silicon oxynitride. To overcome this deficiency, the 
reference of Hussein et al. has been added to the rejections of claims 1-6, 8-27 and 29-38. 
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